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. I n t e r e s t  i n  t h e  r e f r a c t o r y  c a r b i d e s  h a s  i n c r e a s e d  r e c e n t l y  i n  
a n t i c i p a t i o n  of  many new a p p l i c a t i o n s  r e q u i r i n g  t h e  u s e  o f  s u p e r r e -  
f rac  t o r i e s  . However, d u r i n g  t h e  r e s e a r c h  and development  work on 
t h e s e  m a t e r i a l s ,  d i f f i c u l t i e s  have  been encoun te red  i n  a t t a i n i n g  and 
r e p r o d u c i n g  d e s i r e d  p h y s i c a l  p r o p e r t i e s .  L i t t l e  is known a b o u t  u l t i m a t e  
i n t r i n s i c  p h y s i c a l  p r o p e r t i e s  or abou t  t h e  i n f l u e n c e s  of  s t o i c h i o m e t r i c  
changes ,  i m p u r i t i e s ,  and g r a i n  b o u n d a r i e s  on t h e s e  p r o p e r t i e s .  I n  ob- 
t a i n i n g  t h i s  t y p e  of  i n f o r m a t i o n ,  s i n g l e  c r y s t a l s  of v a r i o u s  c a r b i d e  
c o m p o s i t i o n s  would b e  of g r e a t  v a l u e .  A t  p r e s e n t ,  t h e  o n l y  c r y s t a l s  
r e a d i l y  a v a i l a b l e  are of  t i t a n i u m  c a r b i d e ,  grown by t h e  V e r n e u i l  p r o c e s s ,  
and l i t t l e  i s  known of t h e i r  s t r u c t u r e  and p e r f e c t i o n .  
S t a n f o r d  Resea rch  I n s t i t u t e  h a s  been engaged by t h e  N a t i o n a l  Aero- 
n a u t i c s  and Space A d m i n i s t r a t i o n  t o  i n v e s t i g a t e  t h e  a p p l i c a t i o n  o f  new 
t e c h n i q u e s  and p r o c e d u r e s  t o  t h e  growth of  s i n g l e  c r y s t a l s  o f  t an ta lum 
c a r b i d e ,  hafn ium c a r b i d e ,  and s o l i d  s o l u t i o n s  of  t h e s e  c a r b i d e s .  S e v e r a l  
t e c h n i q u e s  have  been i n v e s t i g a t e d :  (1) i n d u c t i o n  plasma m e l t i n g  f o r  
V e r n e u i l  ( f u s i o n )  c r y s t a l  g rowth ,  (2) l i q u i d  metal  s o l u t i o n  growth of  
c r y s t a l s ,  and (3 )  arc  d i s c h a r g e  h e a t i n g  f o r  V e r n e u i l  growth of c r y s t a l s .  
Of t h e s e  methods ,  t h e  a rc -Verneu i l  t e c h n i q u e  is m o s t  p romis ing  and i s  
p r e s e n t l y  b e i n g  pu r sued .  Tantalum c a r b i d e  b o u l e s  were produced f r e e  of 
g r a i n  b o u n d a r i e s  f o r  t h e  f i r s t  t i m e  t h i s  q u a r t e r .  
Recen t  p r o g r e s s  h a s  been de layed  owing t o  problems i n  o b t a i n i n g  
c a r b i d e  powders h a v i n g  t h e  d e s i r e d  c h a r a c t e r i s t i c s  f o r  c r y s t a l  g rowth .  
A s  a r e s u l t ,  S t a n f o r d  Resea rch  I n s t i t u t e  r e q u e s t e d  a three-month e x t e n -  
s i o n  i n  t i m e  t o  comple te  t h e  crystal  growth s t u d i e s .  NASA h a s  approved  
t h i s  r e q u e s t .  T h i s  b r i e f  r e p o r t  is  s u b m i t t e d  i n  o r d e r  t o  inform NASA 
of p r o g r e s s  d u r i n g  t h e  three-month p e r i o d  p r e c e d i n g  t h e  t i m e  e x t e n s i o n .  
P a r t i c i p a t i n g  i n  t h e  i n v e s t i g a t i o n  d u r i n g  t h i s  p e r i o d  were J .  W .  
Fowle r  ( c r y s t a l  growing expe r imen t s )  and J .  B. Saunder s  (X-ray a n a l y s e s ) .  
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I1 SUMMARY AND CONCLUSIONS 
Near t h e  end of  t h e  q u a r t e r  s e v e r a l  t a n t a l u m  c a r b i d e  b o u l e s  f r e e  
of  Ta C and g r a i n  b o u n d a r i e s  were grown. E l i m i n a t i o n  o f  g r a i n  bound- 2 
ar ies  i n  t a n t a l u m  c a r b i d e  had n o t  p r e v i o u s l y  been a c h i e v e d .  The y i e l d  
o f  g r a i n  boundary - f r ee  b o u l e s  w a s  h i g h  enough t o  p e r m i t  p r o d u c t i o n  o f  
s e v e r a l  b o u l e s  on a f a i r l y  s t a n d a r i z e d  basis  f o r  c u t t i n g  and d e l i v e r y  
t o  NASA - Lewis Resea rch  C e n t e r ,  C l e v e l a n d ,  Ohio .  
A t t empt s  t o  grow a d d i t i o n a l  hafnium c a r b i d e  b o u l e s  f r e e  of g r a i n  
b o u n d a r i e s  were u n s u c c e s s f u l .  However, t h i s  work p receded  t h e  success- 
f u l  t a n t a l u m  c a r b i d e  e x p e r i m e n t s  and t h e  p r o s p e c t s  for growing hafnium 
c a r b i d e  b o u l e s  f r e e  o f  g r a i n  b o u n d a r i e s  i n  t h e  n e x t  q u a r t e r  are good.  
High p u r i t y  ( s p e c t r o g r a p h i c  g rade )  hafnium c a r b i d e  powder h a s  been 
o b t a i n e d  f o r  t h i s  p u r p o s e .  
F l o a t  zone m e l t i n g  expe r imen t s  w i t h  t an ta lum c a r b i d e  were conducted  
e a r l y  i n  t h e  q u a r t e r  u s i n g  carbon arc  h e a t i n g .  Although m e l t i n g  was 
a c h i e v e d ,  c r y s t a l  q u a l i t y  w a s  i n f e r i o r  t o  t h a t  o b t a i n e d  w i t h  t h e  V e r n e u i l  
f u s i o n  method and f u r t h e r  expe r imen t s  were d i s c o n t i n u e d .  
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I11 CRYSTAL GROWTH STUDIES 
A .  Tantalum C a r b i d e  Boules  F r e e  of Gra in  Boundar i e s  
L a t e  i n  t h e  q u a r t e r ,  t a n t a l u m  c a r b i d e  b o u l e s  were grown i n  con- 
j u n c t i o n  w i t h  a s t u d y  of t h e  a f f e c t  of  powder f e e d  p a r t i c l e  s i z e  otl 
g r a i n  s i z e  i n  a r c - V e r n e u i l  b o u l e s .  Bou les  f r e e  of g r a i n  b o u n d a r i e s  
were grown i n  t h e  powder s i z e  range 200 t o  325 mesh. I t  was subse-  
q u e n t l y  de t e rmined  t h a t  a s i g n i f i c a n t  y i e l d  of  g r a i n  boundary - f r ee  
b o u l e s  c o u l d  be grown. The y i e l d  of  boundary - f r ee  b o u l e s  was somewhat 
h i g h e r  f o r  t h e  -200+270 f r a c t i o n  than  f o r  t h e  -270+325 f r a c t i o n .  FU- 
t u r e  growth e x p e r i m e n t s  w i l l  employ -200+270 mesh t a n t a l u m  c a r b i d e .  
The changes i n  o p e r a t i n g  p rocedure  t h a t  l e d  t o  t h i s  improvement 
a r e  m i n o r .  Bou les  a r e  now grown a t  r e l a t i v e l y  f a s t  r a t e s .  A l l  -325 
and +200 mesh p a r t i c l e s  a r e  removed from t h e  f e e d  powder by doub le  
s c r e e n i n g .  The b o u l e  i s  k e p t  as symmet r i ca l  a s  p o s s i b l e .  The h o r i -  
z o n t a l  carbon e l e c t r o d e s  a r e  b l u n t e d  and m a i n t a i n e d  w i t h i n  1/16 inch  
o f  t h e  b o u l e .  Although a 10% hydrogen - 90% a rgon  g a s  m i x t u r e  i s  used 
i n  t h e  powder f e e d  i n j e c t i o n  t u b e ,  a d d i t i o n a l  argon i s  pumped i n t o  
t h e  f u r n a c e  chamber from a p o r t  l o c a t e d  some d i s t a n c e  away from t h e  
b o u l e .  C o n s e q u e n t l y ,  t h e  f u r n a c e  atmosphere away from t h e  m e l t i n g  
a r e a  i s  e s s e n t i a l l y  argon a t  one atmosphere p r e s s u r e .  N o  r e d u c t i o n  
i n  ca rbon  s t o i c h i o m e t r y  h a s  r e s u l t e d  from t h e  a d d i t i o n  of e x c e s s  a r g o n .  
The carbon c o n t e n t  of t h e s e  b o u l e s ,  de t e rmined  b y  l a t t i c e  pa rame te r  
measurements ,  v a r i e s  between 43.0 and 45.5 a tomic  p e r c e n t .  S i n g l e -  
c r y s t a l  t a n t a l u m  c a r b i d e  b o u l e s  have been grown from powder t h a t  had 
p r e v i o u s l y  pas sed  th rough  t h e  a rc -Verneu i l  a p p a r a t u s ,  been r e c l a i m e d  
from t h e  bottom of t h e  f u r n a c e  chamber, and s i e v e d .  
Bou les  a r e  s t i l l  b e i n g  i n i t i a t e d  w i t h  a coun te r sunk  t a n t a l u m  m e t a l  
f o o t  and c o n s e q u e n t l y  a r e  p o l y c r y s t a l l i n e  a t  t h e  b a s e .  The b o u l e s  
a t t a i n  a s i n g l e - c r y s t a l  s e c t i o n  a f t e r  abou t  one c m  of growth.  
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In  Tab le  I ,  a s p e c t r o g r a p h i c  a n a l y s i s  of i m p u r i t i e s  i n  a t y p i c a l  
t a n t a l u m  c a r b i d e  b o u l e  is compared w i t h  t h e  a n a l y s i s  of t h e  s t a r t i n g  
powder used  t o  grow t h e  b o u l e .  
Table  I 
ANALYSIS OF TANTALUM CARBIDE STARTING POWDER AND ARC-VERNEUIL BOULE 
I m p u r i t y  
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< 5 0  
Not r e p o r t e d  
< 50  
(l)Wah Chang A n a l y s i s  of L o t  SP106526B. 
( 2 ) A n a l y s i s  by M e t a l l u r g i c a l  L a b o r a t o r i e s ,  I n c .  , San F r a n c i s c o .  
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Although t h e s e  a n a l y s e s  were conducted by d i f f e r e n t  l a b o r a t o r i e s ,  
t h e  agreement i s  good. With t h e  p o s s i b l e  e x c e p t i o n  of  t u n g s t e n ,  n i c k e l ,  
and t i t a n i u m ,  t h e r e  i s  no e v i d e n c e  of  an i n c r e a s e  i n  i m p u r i t y  c o n t e n t .  
S i n c e  t h e  c o n t e n t  of o t h e r  i m p u r i t y  m e t a l s  w i t h  low vapor  p r e s s u r e s ,  
e . g . ,  Mo and C r  d i d  n o t  show a c o r r e s p o n d i n g  i n c r e a s e ,  t h e  quo ted  
d i f f e r e n c e s  may be caused by a n a l y t i c a l  errors.  
B .  Hafnium C a r b i d e  Bou les  
~ 
I n  t h e  p r e v i o u s  Q u a r t e r l y  S t a t u s  R e p o r t ,  growth of one hafnium 
c a r b i d e  b o u l e ,  f r e e  of g r a i n  b o u n d a r i e s ,  was r e p o r t e d .  Ten a t t e m p t s  
t o  d u p l i c a t e  t h i s  r e s u l t  i n  t h e  p r e s e n t  r e p o r t  p e r i o d  were u n s u c c e s s f u l .  
The s t a r t i n g  powder was e i t h e r  -325 mesh or r e c l a i m e d  powder. These 
hafnium c a r b i d e  e x p e r i m e n t s  preceded t h e  s u c c e s s f u l  t an t a lum c a r b i d e  
e x p e r i m e n t s .  A new shipment of s p e c t r o g r a p h i c  g rade  hafnium c a r b i d e  
powder h a s  been r e c e i v e d  and w i l l  be employed n e x t  q u a r t e r  i n  hafnium 
c a r b i d e  c r y s t a l  growth e x p e r i m e n t s .  
C .  Arc -F loa t  Zone ExDeriments 
Dur ing  t h i s  r e p o r t  p e r i o d ,  t h e  a r c - V e r n e u i l  f u r n a c e  was mod i f i ed  
s l i g h t l y  t o  p e r m i t  f l o a t i n g  zone r e f i n i n g  e x p e r i m e n t s  u s i n g  t h e  h o r i -  
z o n t a l  e l e c t r o d e s  f o r  m e l t i n g  a zone of t a n t a l u m  c a r b i d e  o r  hafnium 
c a r b i d e .  A M a t e r i a l s  Resea rch  C o r p o r a t i o n  zone r e f i n e r  was mounted i n  
a v e r t i c a l  o r i e n t a t i o n  above t h e  a r c - V e r n e u i l  a p p a r a t u s  i n  p l a c e  of t h e  
powder f e e d e r  no rma l ly  used f o r  V e r n e u i l  f u s i o n  e x p e r i m e n t s .  An e x t e n -  
s i o n  arm from t h e  b o a t  c a r r i a g e  of t h e  zone r e f i n e r  e n t e r e d  t h e  t o p  of 
t h e  a r c - V e r n e u i l  f u r n a c e  through t h e  s e a l  no rma l ly  used for t h e  powder 
feed t u b e .  I n s i d e  t h e  f u r n a c e ,  a 0 .125-inch-diameter  t an ta lum rod was 
connec ted  t o  t h e  zone r e f i n e r  e x t e n s i o n  arm by an a p p r o p r i a t e  chuck .  
T h i s  a r r angemen t ,  used i n  c o n j u n c t i o n  w i t h  t h e  e x i s t i n g  a r c - V e r n e u i l  
a p p a r a t u s ,  p e r m i t t e d  independent  v e r t i c a l  motion a t  v a r i a b l e  rates a s  
w e l l  as independen t  r o t a t i o n  a t  v a r i a b l e  r a t e s  f o r  b o t h  t h e  uppe r  and 
lower s e c t i o n s  of a zone r e f i n e d  " i n g o t . "  
of a h o t  p r e s s e d  TaC b i l l e t  or a TaC b o u l e  a t t a c h e d  t o  t h e  t a n t a l u m  
r o d .  The lower s e c t i o n  was a TaC h o t - p r e s s e d  b i l l e t  o r  bou le  i n s e r t e d  
The uppe r  section c o n s i s t e d  
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c 
i n  t h e  g r a p h i t e  s eed  h o l d e r .  In  p r i n c i p a l ,  m e l t i n g  c o u l d  be i n i t i a t e d  
i n  t h e  c e n t e r  o f  a sample suppor t ed  a t  b o t h  e n d s ,  or t h e  s e p a r a t e d  
uppe r  s e c t i o n  c o u l d  b e  b rough t  i n  c o n t a c t  w i t h  t h e  lower s e c t i o n  a f t e r  
s t r i k i n g  t h e  a r c .  
The r e s u l t s  of  s i x  expe r imen t s  are summarized i n  Tab le  11. I n  
some c a s e s ,  m e l t i n g  of t a n t a l u m  c a r b i d e  and a t t a c h m e n t  of t h e  t a n t a l u m  
c a r b i d e  r o d s  were a c h i e v e d .  However, t h e  a rc  t ended  t o  d i s c h a r g e  t o  
t h e  lower (grounded)  s e c t i o n  w i t h  t h e  r e s u l t  t h a t  a t t a c h m e n t  was h a r d  
t o  m a i n t a i n  and t h e  o p e r a t i o n  w a s  h i g h l y  u n s t a b l e .  The r e s u l t i n g  samples  
were small  and v e r y  i r r e g u l a r .  A l s o ,  no d e c r e a s e  i n  t h e  number of  g r a i n  
b o u n d a r i e s  w a s  o b t a i n e d .  Consequen t ly ,  f u r t h e r  e x p e r i m e n t s  o f  t h i s  t y p e  
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IV FUTURE WORK 
P r o d u c t i o n  of  t a n t a l u m  c a r b i d e  s i n g l e  c r y s t a l s ,  i n c l u d i n g  c u t t i n g ,  
w i l l  c o n t i n u e  through March and i n t o  A p r i l .  P r o d u c t i o n  o f  s i n g l e - c r y s t a l  
hafn ium c a r b i d e  b o u l e s  w i l l  commence i n  A p r i l  and w i l l  c o n t i n u e  i n t o  May. 
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